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A論 文 内 容 要 旨E 
 
The progress of material science is the basis of progress of human civilization and the material microstructure analysis has 
been a concerned subject ever since the first usage of optical microscope to metal materials. Material microstructure always has 
significant influence on the properties. Usually, people pursue desired performance of a material by altering its microstructure. 
For instance, heterogeneous nucleating agent is mixed into the liquid aluminum alloys to promote the nucleation during the 
solidification process and thus achieve fine microstructure. Such kind of material is expected to outcome better mechanical 
performances. It has long been an issue to obtain information from material microstructure so that people can make an 
evaluation on the subsequent performance of the material. The conventional material microstructure evaluation methods 
comprise manual measurement and image processing measurement. In a typical measurement process of image processing 
measurement, there are four steps. Firstly, an optical grayscale image of the microstructure should be achieved in the image 
acquisition stage. Next, the grayscale image would be filtered to reduce noise in the pre-processing stage. Thirdly, phase of 
interest should be properly separated in the image segmentation stage. Finally, microstructure evaluation parameter would be 
measured in the measurement stage. The manual method opposes high effectiveness and accuracy. However, it calls for high 
time-consumption and labor-intensity. In contrast, image processing method highly improves the efficiency and relieves the 
workload. The problem is that the accuracy will be sacrificed when the microstructure is sophisticated. Mathematical 
morphology is a powerful theory to obtain high quality image processing result. Recently, it has been dramatically developed 
and applied to different research fields, such as biology, medicine, civil engineering, hydrology and so on. In material, 
mathematical morphology was reported to be used to measure grain size for sample shaped grains. However, few had been 
reported to use mathematical morphology to evaluate sophisticated shaped grains. Thus, image analysis methods were 
proposed to evaluate sophisticated shaped grains based on the mathematical morphology algorithms. 
In chapter one, conventional image analysis methods were reviewed and introduced. The art of state in the image analysis 
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for material microstructure evaluation was described. The development of mathematical morphology and the application of it 
on material microstructure evaluation were also explained. The motivation and objectives in this dissertation was explained. 
In chapter two, an image analysis method for automatic primary grain size measurement of semi-solid slurry of aluminum 
alloys was developed. Semi-solid die-casting (SSD) is drawing attention because of its merits such as near net shape for 
complex castings, porosity free, tight tolerance and so on. Usually, the homogeneous distribution of primary grain size is 
desirable when preparing the semi-solid slurry. Thus, the evaluation of primary grain size distribution is of high importance for 
the preparation of semi-solid slurry. The morphology of semi-solid slurry is very complex, e.g. complex grain shape, huge 
amount of small secondary phase in eutectic phase. Conventional image processing method found it difficult to produce 
accurate grain size distribution histogram. Thus, we proposed a new image analysis procedure according to the  image 
processing techniques and mathematical morphology algorithms. At the first step, eutectic grains were identified with opening 
algorithm. The kernel size of structuring element used in opening operation was visually and manually selected. It should be 
larger than the size of secondary α grain and smaller than the size of primary grain. Next, an image segmentation using 
marker-image prepared with Euclidean distance map (EDM) method was implemented to separate individual primary grains. 
The threshold used to prepare markers from EDM result also should be carefully selected so that it could generate separated 
markers for congregated grains and not generate excess markers for complex-shaped grains. Eutectic grains were eliminated by 
intersect the image segmentation result with opening result. Finally, a second implementation of watershed transformation was 
conducted to segment small isolated primary grains dispersed in the eutectic grains. The results showed that the proposed 
method well reduced the over-segmentation, which was very common in the conventional method using ultimate eroding point 
method to prepare marker-image. As a result, the proposed method presented much better coincidence with the manual result. 
Subsequently, influence of image quality was investigated using bad quality image. The results showed that the combining 
application of black top hat (BTH) transformation and proposed method generated the most decent result to the manual method. 
The application of proposed method without BTH on bad quality image still produced better result than the conventional 
method and the conventional method with BTH transformation. Generally, the proposed method greatly improved the 
measuring accuracy for primary grain size in aluminum alloys. And, the combining operation with BTH transformation 
improved the robustness of the proposed method to different image quality. 
In chapter three, an image analysis method for metal particle aspect ratio measurement has been proposed in this chapter. In 
contrast to the monotonous metal or ceramic materials, metal-ceramic compound opposes high strength, high toughness, good 
high temperature performance, thermal and electrical conductivity at the same time. When  manufacturing  the compound, 
metal particles would be milled with the ceramic matrix. The metal particles became longer than thinner when the speed is 
larger or the milling time is longer. In order to achieve high aspect ratio metal particles, people sought to use high rotation speed 
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and high milling time. Aspect ratio is used to characterize the elongation effect of metal particles during the milling process. In 
this chapter, the improvement on the measuring of metal particle aspect ratio comprises of two parts. The first one is the image 
segmentation method for metal particles and the second one is the aspect ratio evaluating method. Conventional image 
segmentation method for aspect ratio is based on watershed transformation using automatic marker-image preparation method. 
It either over-segmented or under-segmented the metal particles in glass matrix. Thus, we used manual method to prepare the 
marker-image. The results showed that the manual method produced much better result in contrast to the watershed with UEP 
method and the method in chapter 2. The next improvement is about the aspect ratio evaluation method. The conventional 
aspect ratio evaluating method is fit ellipse method. It worked well for the straight striped metal particles, however, under-
estimated those with bended strip shapes. In this chapter, two new image analysis methods for aspect ratio evaluation have 
been proposed. The first one is maximum inscribed circle (MIC) area method. The application result on manually drawn 
shapes showed this method had high accuracy for oval-like shapes but had systematic error for rectangle-like shapes. The 
application of this method on actual image showed that it yielded better result than fit ellipse method. The second one is major 
and minor axis length method. This method extracted the major and minor axis of the metal particle with mathematical 
morphology method. The major axis was estimated with skeletons extracted by thinning algorithm. The thinning result was not 
acceptable as there were many short branches on the result. We proposed a moving frontier method to cut off the  short 
branches. Moving frontier method assumed water was poured into the skeleton from one endpoint, and flowed towards the 
other endpoints. When the water arrived at one endpoint, the flowing routine would be recorded. When the water frontier met a 
loop, the short routine to the next node would be used as part of the major axis. Water frontier would be poured from every 
endpoint and finally the longest routine will be taken as the major axis. The diameter of MIC was seen as the minor axis length. 
The comparison result of aspect ratio for individual metal particles showed that the proposed method produced much more 
accurate result than the conventional method, no matter the metal particle shape is straight strip or bended strip. The mean 
value for the individual metal particles in several images also proved that the proposed method produced closer result to the 
manual result than the conventional method. 
In chapter four, we proposed an image analysis method for semi-automatic measurement of secondary dendrite arm space 
(SDAS) and dendritic cell size (DCS) based on mathematical morphology. SDAS is an important parameter to analyze the 
local cooling rate in the solidification process. Conventional method found it difficult to evaluate the SDA center lines. DCS 
correlates to the ductility of the alloy. Conventional image processing method found it difficult to measure SDAS and DCS 
individually. In this chapter, a semi-automatic SDAS and DCS measuring method is proposed based on mathematical 
morphology algorithms. Firstly, a human subjective preparation of marker-image was conducted and used in watershed 
transformation.  The segmentation  result  showed  that the semi-automatic  segmentation  well achieved  individual  secondary 
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dendrite arms. Secondly, the center lines of the secondary dendrite arms were estimated with moving frontier method and least 
square method. As the center lines were the fit lines of the dendrite arm skeletons, the program in this chapter could help to 
improve the objectivity of center lines. The comparison of individual SDAS result with conventional intercept method, 
proposed method and manual method shows that the proposed method yielded closer result to the manual result. The mean 
SDAS result also proves that the proposed method could give better result. DCS of the dendrite was also measured with 
proposed method in this chapter. The conventional method cannot measure the DCS. Therefore, only the results of proposed 
method and manual method were compared. It showed that the proposed method produced accurate DCS result. Dendrite 
morphology affects the accuracy of SDAS measurement. In this chapter, we selected 8 samples containing different types of 
dendrite morphology. The results showed that the proposed method could give very close result to the manual result for 
dendrite morphology with inter-dendritic phase either coarsened or not coarsened. However, when the dendrite arm shape is 
round-like, the result of the proposed method appeared unsteady accuracy. When the dendrite arm edge is not clear, the 
proposed method still yielded good result while the conventional intercept method presented larger variation. 
In chapter five, the main contents in every chapter were summarized. 
 
In this dissertation, mathematical morphology algorithms were used to analyze the microstructure of primary α grain in Al 
alloy, metal particle shape in metal-ceramic and SDAS in Al alloys. The results showed that it outcomes the conventional 
image processing methods. 
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